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[57] ABSTRACT

A novel ceramic composition having high strength at
high temperatures and needing no degreasing step be-
fore its sintering step, and a process for producing the
same are provided,
which composition is obtained by calcining a molded
body composed of alumina powder and a polysila-
zane I1n an inert gas such as nitrogen, argon, etc.
and/or ammonia, or under pressure and at
g800°-1950° C.
the polysilazane including the following:
a polysilazane (i) having a core structure consisting of
repetitive units of

and comprising the residual groups of the precur-
sor of (1) having

Iih
—_—S1e=N-.
.

H H

and partly forming structural units of

| i
Rl—Sli-P[C'-' and Rl-—ti;i—lr'—
R4'—N—Sli—Rg -—N-—?i—-R;

R3

the structural units being bonded to each other,

a polysilazane (ii) having the above core structure

and comprising the residual groups of the precur-
sor of (ii) consisting of repetitive units of

being bonded by a structural unit of

RI—?i*T“
~N-=51—R

to each other, and the precursor being composed of
units of

Rs
| |
Rl—s[i—II\T—- and —-Sli—ll\i'—
H H R¢ H

wherein; and

a polysilazane (ii1) having the above core structure

and comprising the residual groups of the precur-
sor of (i), partly forming structural units of

I |
Rl—?i—}ii’—- and Rl—SIi—rr’—
R4-N--S|i—-Rg_ —N-—-—-sl,i--—R,

R3

these units being bonded to each other, and the
precursor being composed of units of

Rs
I |
R;—?i-“l‘ii'“ and —Sli-—]ii'-—,
H H R¢ H

wherein Ry, Ro, R3, R4, R5 and Rg which may be
the same or different, each represent a lower alkyl
group of 1 to 6 carbon atoms, a substituted or un-
substituted vinyl group, a substituted or unsubsti-
tuted allyl group, a substituted or unsubstituted
lower aryl group of 6 to 10 carbon atoms, a tri-
lower alkyl- or di-lower alkylsily group, and Ry,
R> and R3 each represent a hydrogen atom or a
di-lower alkylamino group.

16 Claims, No Drawings
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CERAMIC COMPOSITION AND A PROCESS FOR
PRODUCING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a novel ceramic composition
having a ulterior strength at high temperatures, a pro-
cess for producing the same and a molding auxiliary:.

2. Description of the Related Art

Aluminous ceramics are high strength ceramics hav-
ing currently most advanced use applications and also
one Kind of ceramics having superior mechanical
strength, resistance to abrasion and chemically resistant
stability and also are expected to have more extended
use applications.

Aluminous ceramics are well known in that they are
superior 1n heat resistance and mechanical strength to
other materials, but have a drawback in the aspect of
moldability. Aluminous ceramics, t0o, are not excep-
tional in the above fact. Thus, in order to impart mold-
ability to ceramic power and cause the resulting molded
body to have strength, molding auxiliaries have been
needed.

According to the prior art, polyvinyl butyral, polyvi-
nyl alcohol and the like have been used as a molding
auxihiary for the ceramic powder, and a release agent, a
deflocculant and the like have been added thereto. The
quantity of these molding auxiliaries used wvaries de-
pending upon the molding process or technique, but in
generai, there 1s a tendency that the more complicated
the shape of the resulting molded product, the greater
the quantity of the molding auxiliary used.

Further. it 1s necessary for the product molded when
using the auxiliary, to remove the used molding auxil-
1ary mn advance of its sintering. and 1n general, removal
by thermal decomposition. referred to as degreasing is
apphed. As to the degreasing step, the more the quan-
tity of the binder used and the more complicated the
shape of the resulting molded product, the longer is the
step required. Further, faults such as bulges, cracks, etc.
occur very often.

Further, aluminous ceramics have superior mechani-
cal strength and have been expected to be useful as a
structural material, as described above. However, in
recent vears, a material having high strengths at high
temperatures has been required, and actually, more
expensive silicon nitride, silicon carbide and further,
composite materials have been sought as the material.
Aluminous ceramics have a high strength at room tem-
perature, but they exhibit notable reduction in the
strength at 1,000° C. or higher and the strength at 1,200°

C. 1s reduced about 4 to § the strength at room tempera-
ture.

SUMMARY OF THE INVENTION

In view of the above actual status, the present inven-
tors have made extensive research, and as a result have
found a novel ceramic composition having a high
strength at high temperatures, without needing a de-
greasing step and using a cheap aluminous raw material.

The present invention has the following constitutions
(1) to (8):

(1) A process for producing a ceramic composition,
which comprises calcining a molded body composed of
alumina powder and a polysilazane in an atmosphere of
an mert gas and/or ammonia or at an elevated pressure
at a temperature of 800" to 1,950° C. (2) A process ac-
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cording to item (1), wherein said inert gas is nitrogen or
argon. (3) A process according to item (1), wherein said
polysilazane i1s a polysilazane (i) which has a core-struc-
ture consisting of repetitive units of the formula

~—S1—N—,

and comprises a plurality of the residual groups of the
precursor of the polysilazane (i), having the formula

R
H H

the residual groups partly forming a structural unit of
the formula

Rl-—Si—ii-J-—
R.1"-'N—Sli“-R'~
R;

and partly forming a structural unit of the formula

R]""Sli—]'l‘i"‘
—N—8S1~R;

and these structural units being bonded to each other
in the polysilazane (1),

wherein Ry, Ra, R3 and Ry, each represent a lower
alkvl group of 1 to 6 carbon atoms, a substituted or
unsubstituted vinyl group, a substituted or unsubstituted
allyl group, a substituted or unsubstituted lower aryl
group of 6 to 10 carbon atoms, a tri- lower alkyl- or di-
lower alkylsilyl group R, R> and R3 each may repre-
sent a hydrogen atom; or a di- lower alkylamino group,
and Ry, R2, R3and R4 may be the same or different.

(4) A process according to item (2), wherein the
lower alkyl group is selected from among a methy]
group, ethyl group, n-propyl group and isopropyl
group; the substituted or unsubstituted lower aryl group
is selected from among phenyl group, tolyl group and
xyly! groups; the tri- lower alkyl- or di- lower alkylsily]
group 1s selected from among trimethyl-, dimethyl-,
methylethyl-and triethyl- silyl groups; and the di- lower
alkylamino group is selected from among dimethyl-,
diethyl-, methylethyl- and diisopropyl- amino groups.

{J) A process according to item (1), wherein the
polysilazane is a polysilazane (ii) which has a core struc-
ture consisting of repetitive units of the formula

||
—Si—N—

the residual groups of the precursor of the polysila-
zane (11) consisting of the repetitive units of the formula
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Ry H
.

—S1I—N—

being bonded by a structural unit of the formula

R]'—SIi—'Ti\:—
= N-—=Si~R

to each other, and

the precursor being composed of the units of the
formula

and the formula

1;’»5

— Q1N —,
| |
R, H

wherein the Ry, Rsand R¢ each represent a lower alkyvl
group of 1 to 6 carbon atoms, a substituted or unsubsti-
tuted vinyl group, a substituted or unsubstituted allyl
group, a substituted or unsubstituted lower aryl group
of 6 to 10 carbon atoms. a tri- lower alkyl- or di-lower
alkylsilyl group or a di- lower alkvlamino group, R also
represents hydrogen atom besides the above-mentioned
groups. and R, Rsand R¢may be the same or different.

(6) A process according to 1tem (5), wherein the
lower alkyl group 1s selected from among methyl
group. ethyl group, n-propyl group and isopropyl
group: the substituted or unsubstituted lower aryl group
1s selected from among phenyl group. tolyl group and
xylyl groups; the tri- lower alkyl- or di- lower alkylsilyl
group 1s selected from among trimethyl, dimethvli-,
methylethvland triethyl- silyl groups: and the di- Jower
alkylamino group 1s selected from among dimethyl-,
methylethyl- and diusopropyl-amino groups.

(7) A process according to item (1), wherein the
polysilazane 1s a polysilazane (1) which has a core
structure consisting of repetitive units of the formula

—Si—N—,
|

and comprises a plurality of the residual groups of the
precursor of the polysilazane (i), having the formula

fl’il
—Si—N—

|

H H

the residual partly forming a structural unmit of the
formula
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I
Rl—?i—rlx:—
lh—N—?—Rg

R

and partly forming a structural unit of the formula

R}"'?i"-l‘f—
- N=-—Si1—R;

these structural units being bonded to each other 1n
the polystlazane (i11), and further,

the precursor being partly composed of units of the
formula

and the formula

Rs

I
= S N~

.
Re H

wherein Ry. Rs and R¢ each represent a lower alkyl
group of 1 to 6 carbon atoms, a substituted or unsubsti-
tuted vinyl group, a substituted or unsubstituted allyl
group, a substituted or unsubstituted lower aryl group
of 6 to 10 carbon atoms, a tri- lower alkyl- or di- lower
alkylsilyl group or a di- lower alkylamino group, except
that R: also represents a hydrogen atom besides the
abovementioned groups, and Rj, Rsand R¢ may be the
same or different.

(8) A process according to item (7), wherein the
lower alkyl group 1s selected from among a methyl
group, ethyl group, n-propyl! group and 1sopropyl
group; the substituted or unsubstituted lower aryl group
15 selected from among phenyl group, tolyl group and
xyiyl groups; said tri- lower alkyl- or di- lower alkylsiiy}
group is selected from among trimethyl-, dimethyl-,
methyvlethyl-and triethyl- silyl groups; and the di- lower
alkylamino group 1s selected from among dimethyl-,
methylethyl- and diisopropyl- amino groups.

(9) A novel ceramic composition obtained by sinter-
ing and molding a molded body consisting of alumina
powder and a polysilazane which forms silicon nitride,
silicocn carbide, sialon or a mixture thereof in an atmo-
sphere of nitrogen, argon and/or ammomnia or under
pressure, at a temperature of 800° to 1,950° C.

(10) A novel ceramic composition according to item
(9), wherein the polysilazane 1s a polysilazane (i) as set
forth 1n item (3).

(11) A novel ceramic composition according to item
(9), wherein the polysilazane 1s a polysilazane (i1) as set
forth 1n item (5).

(12) A novel ceramic composition according to item
(9). wherein said polysilazane is a polysilazane (i) as set
forth in item (7).
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(13) A molding auxihary for a novel ceramic compo-
sition which is characterized by being kneaded together
with alumina powder. and subjected to molding, the
auxillary being a polysilazane which forms silicon ni-
tride, sihicon carbide s1alon or a mixture of the foregoing
in an atmosphere of nitrogen and/or ammonia or under
pressure and in a calcination atmosphere at 800° to
1,950° C.

(14) A molding auxiliary according to item (13},
wherein the molding 1s carried out according to a ther-
moplastic molding process, mud-casting molding pro-
cess or pressed powder molding process.

(15) A molding auxiliary according to item (13),
wherein the polysilazane i1s a polysilazane (i) as set forth
in item (3).

(16) A molding auxiliary according to item (13},
wherein the polysilazane i1s a polysilazane (i1) as set
forth in 1tem (5).

(17) A molding auxiliary according to item (13),
wherein the polysilazane i1s a polysilazane (111) as set
forth in item (7).

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

The present invention is directed to a process for
producing a ceramic composition characterized by
kneading alumina powder together with a polysilazane
which forms silicon nitride, silicon carbide, sialon (a
general term of oxygen-nitrogen oxide expressed by the
formula (S1.A])3(O,N)s) or a mixture of the toregoing 1n
an atmosphere of an inert gas such as argon or nitrogen
and/or ammonia or under pressure at a sintering tem-
perature of 800° to 1,950° C.. to form a molded body,
and calcining the molded body. Such a polysilazane
includes those shown by the above-mentioned (1), (11) or
(111).

Further, the present invention 1s directed to a ceramic
composition characterized by kneading alumina pow-
der together with a polysilazane which forms silicon
nitride. silicon carbide, sialon or a mixture of the forego-
ing In an atmosphere of an mert gas such as argon or
nitrogen and/or ammonia or under pressure at a sinter-
ing temperature of 800" 10 1,950° C., to form a molded
product, and calcining the molded product to obtain the
above composition. Such a polysilazane used 1in this
case Includes at least one of those shown by the above-
mentioned (1), (11) or (111).

Furthermore, the present invention 1s directed to a
molding auxiliary for a ceramic composition which 1s
kneaded together with alumina powder and used for
effecting production of the ceramic composition with-
out any degreasing step, which auxiliary 1s a polysila-
zane which forms silicon nitride, silicon carbide, s1alon
or a mixture of the foregoing. when the polysilazane 1s
kneaded together with alumina powder in an atmo-
sphere of an inert gas such as nitrogen or argon and/or
ammonia or under pressure, at a calcination tempera-
ture of 800° to 1,950° C.

In this case, too, the polysilazane includes at least one
of those shown by the above-mentioned (i), (i1) or (in).

When such a polysilazane 1s kneaded together with
alumina powder as a molding auxiliary, 1t 1s possible to
obtain an aluminous ceramic having a superior mold-
ability and a sufficient strength for molded bodies im-
parted thereby, without needing any degreasing step
and having high strengths at high temperatures.

The above polysilazane 1s calcined in the presence of
alumina powder in an atmosphere of nitrogen and/or
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ammonia at a temperature of 800" to 1,950 C. to form
stiicon nitride, silicon carbide or sialon with a high yield
so that degreasing after molding as 1n the case of or-
ganic molding auxiliaries conventionally used 1s unnec-
essary, and the quantity of gas generated by decomposi-
tion and gasification during the calcination 1s so small
that faults such as bulges, cracks, etc. hardly occur.

Further, since the polysilazane remains in the form of
silicon nitride, silicon carbide, sialon or a mixture of the
foregoing in the resulting molded body, calcination of
such a molded body affords a ceramic in the form of a
composite substance of alumina with silicon mitride,
silicon carbide, sialon or a mixture of the foregoing.

In addition, in conducting the present invention, it
goes without saying that nitrogen and/or ammonia may
be mixed with an inert gas such as argon, helium, etc., as
the reaction atmosphere.

Further, the polysilazane in the present invention 1s
provided with such properties together as being soluble
in organic solvents as in the case of general organic
high-molecular substances, and being softened on heat-
ing; it 1s possible to produce a sintered body according
to conventional molding processes such as extrusion
molding, injection molding, mud-casting molding, doc-
tor blade, etc., without degreasing step, and as to the
thus obtained ceramic, intense reduction i1n the strength
at high temperatures as in the case of general aluminous
ceramics is not observed, resulting in a ceramic having
a high strength at high temperatures. The alumina pow-
der used as the main agent 1n the reaction may be those
conventionally used, but those of small particles and
uniform particie diameter are preferred. The tempera-
ture-raising rate at the time of the calcination 1s pre-
ferred to be 5° C./min. or less up to 700° C. and 20"
C./min. or less up to 1,950° C. The calcination tempera-
ture is 800° to 1,950° C., preferably 1,100° to 1,850° C.

The polysilazane used in the present invention 1s a
polymer whose main chain core consists of S1 and N,
and its molecular form or molecular structure varies
depending upon its preparation process and the ceramic
yield varies. In the present invention, the polysilazanes
mentioned below affording a high ceramic yield and
being soft on heating are suitably usable. The quantity
of the polysilazane of the present invention added varies
depending upon the molding process and 1s about 1 to
659 by weight.

As to the process for producing the polysilazane used
in the present invention, those used for the above-men-
tioned polysilazanes include the following:

For example, in the case of the polysilazane (i), anhy-
drous ammonia is reacted with an organodthalosilane
R1S1HX> 1n a solution to form a ning or linear silazane
precursor mixture, by reacting a silazane of the formula

(1v)

R— Sli—IiJ—R.4
H H

or a silylamine

compound with the above resulting precursor mix-
ture while making coexistent the silazane or silylamine
in the precursor mixture, in the presence of a basic
catalyst capable of removing hydrogen a atom (i.e.
proton-removing) {rom the nitrogen atom adjacent to
the silicon atom to effect dehydrogenation-cyclization-
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crosslinking and thereby convert the precursor into a
high-molecular compound. In the above formula
R;SiHX,, X refers to a halogen atom such as CL Br, etc.
(this applies to the subsequent descriptions).

Further, in the case of the polysilazane (1), anhydrous
ammonia is reacted with an organohalosilane mixture of
RSiHX> with RsR¢SiHX 1 1in a solvent to form a ring or
linear silazane precursor, followed by subjecting the
precursor to proton-removal-cyclization-crosslinking
and thereby obtain its polymer.

Further, in the case of the polysilazane (i11), anhy-
drous ammonia is reacted with an organohalosilane
mixture of Ri1SiHX»> with RsR¢S1HX, in a solvent 1o
form a ring or linear silazane precursor, followed by
reacting a silazane represented by the formula

'r'lls.
Rz—SIJi—II\I—R;;
H H

or a silylamine compound, with the precursor mixture
while making coexisting the silazane or silylamine com-
pound in the precursor mixture, in the presence of a
basic catalyst capable of removing a hydrogen atom (i.e.
proton-removing) from the nitrogen atom adjacent to
the silicon atom to effect dehydrogenation-cyclization-
crosslinking and thereby convert the precursor into a
high-molecular compound.

The resulting product 1s preferred to have a content
of the above group (iv) of 1 to 60% by mol, a content of
RsR6SiX>0f 1 to 60% by mol and a content of the total
of the above group (iv) a1d R5ReSiX> of 2 to 60% by
mol.

(Function and effectiveness)

In short, according to the present invention cCOm-
posed as described above, when the ceramic composi-
tion i1s molded using alumina powder, a polysilazane
yielding silicon nitride, silicon carbide, sialon or a mix-
ture of the foregoing. in an atmosphere of an inert gas
such as nitrogen, argon, or the like or/and ammonia or
in a state under pressure, and at a sintering temperature
of 800° to 1,950° C., is kneaded as an auxiliary for mold-
ing. The above product is formed from the above
polysilazane at the sintering step with a high yield;
hence it is utterly unnecessary to remove the auxilary
by degreasing after the molding, as in the case of con-
ventional organic molding auxiliaries, and also, the
auxiliary remains as it is, in the molded product in the
form of the above product; thus, faults such as cracks,
bulges, etc. occurring by conventionally removing or-
ganic molding auxiliaries, scarcely occur.

Further, when the ceramic composition i1s molded
using this polysilazane, generally employed molding
processes may be employed such as those of thermo-
plastic molding, mud-casting process, press molding,
doctor blade, etc. Furthermore, the above product from
the above polysilazane remains in the resulting molded
product, and the resuiting ceramic composition 1s a
composite body of alumina with silicon nitride, silicon
carbide, sialon or a mixture of the foregoing. which
composition does not cause intense reduction in the
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strength at high temperatures, as in the case of conven-
tional aluminous ceramics.

The present invention will be described in more detail
by way of Examples, but it should not be construed to
be Iimited thereto.

EXAMPLE 1]

An a-alumina powder (mean particle diameter: 0.4 p,
purity: 99.8%, AES-12, a tradename of a product made
by Sumitomo Kagaku Co., Ltd.) and the polysilazane
(ii) described above, wherein R}, Rsand Re each repre-
sent a methyl group, and having a number average
molecular weight of 1,200, were kneaded under dispers-
ing, in proportions shown in Table 1, followed by dry-
ing the resulting material in vacuo and grinding, to
obtain a powder having the alumina powder and the
polysilazane uniformly dispersed therein. The powder
was placed in an iron mold of 50 X 60 mm, followed by
subjecting it to uniaxial pressure molding under about
30 Kg/cm?and then to hydrostatic pressure press under
3,000 Kg/cm? to obtain a molded body.

As to its calcination, the temperature was raised up to
700° C. in a nitrogen atmosphere under 1 atm at a rate
of 3C°/min., followed by raising the temperature up to
1,100° C. at a rate of 15C.°/min., further raising the
temperature up to a final calcination temperature shown
in Table 1 and raising the pressure up to 9.5 atm, further
retaining the temperature and the pressure 1 this state
for 2 hours and naturally cooling to obtain a sintered
body. The density, flexural strength at room tempera-
ture and flexural strength at 1,200° C. of the 20 sintered
body are shown in Table 1.

EXAMPLE 2

Example | was repeated except that an a-alumina
powder (mean particle diameter: 0.4 u, purity: 99.9%.
AES-11E. a tradename of a product made by Sumitomo

Kagaku Co., Ltd.) was used. to obtain the resuits shown
in Table 1.

EXAMPLE 3

This Example was carried out under the same condi-
tions as shown in Example 1 (2) of Table 1 except that
the pressure at the time of sintering was always retained
at 1 atm. The results are shown in Table 1.

EXAMPLE 4

This Example was carried out under the same condi-
tions as shown in Example 1 (2) of Table 1 except that
a polysilazane (i) wherein Ry, Rz and Rj each represent
a methy]l group and R represents dimethylsilyl, and
having a number average molecular weight of 1,100
was used, to obtain a sintered body. The results are
shown in Table .

EXAMPLE 5

This Example was carried out under the same condi-
tions as shown in Example 1 (8) of Table 1 except that
a polysilazane (iii) wherein Ry, R2, R3, R5 and R¢ each
represent dimethylsilyl group. and having a number
average molecular weight of 1,300 was used. The re-
sults are shown in Table 1.
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TABLE 1
Three-point
Poly-  Calci- flexurai
sila-  nation  Crystal- Den- strength MPa
AlOy  zane temp. line sity Room
Example No.  wt %  wt % °C. phase  g/cc  temp. 1200°C.

1 ] 97.3 2.7 1750 AlOs 3.94 383 308
S1aNg

2 94.1 5.9 1750 Al»Oz  3.91] 321 265
S13Ng

3 90.3 9.7 1750 A0y 3.89 329 260
S130N\4

4 85.7 14.3 1750 Al;O3 381 271 226
S13N4

5 801 199 1750  AlO3  3.69 233 193
S13MNy4

6 97.3 2.7 1600 AlrQOj 3.21 165 132
S13N4

7 94.1 5.9 1600 ALO; 307 152 106
SiaNg

g 90.3 9.7 1600  AlLO;  2.86

S13Ny

9 85.7 14.3 1600 A3 2.82 133 75
S13N4

10 80.1 15.9 1600 AlO3 2.63 104 85
S1aNg

2 11 941 59 1750  Al,O:;  3.82 332 276
Si13N4

12 85.7 14.3 1600 AlbO3 275 118 81
S13IN4

3 13 941 59 1750  AlLO3  3.86 343 266
Si13N4

4 14 G4.1 5.9 1750 Al 3.88 336 261
S13Ng

5 15 903 97 1600  AlbO3 295 154 105
SialNg

EXAMPLE 8
A mol dy was prepared in the same manner as
EXAMPLE 6 3 ded body was prep

An alumina (AML-41, tradename of a product made
bv Sumitomo Denko Co., Ltd.) (106 g) was mixed with
a polvsilazane (1) (18.6 g) and a mixed solution of tol-
uene/acetone (50/50 vol.9%) (100 g). tollowed by sub-
jecting the mixture to supersonic dispersing for 30 min.,
and subjecting the resulting slurry to doctor blade
molding to prepare a uniform sheet of 0.25 mm thick.

The temperature of this sheet was raised up to 500" C.
in a nitrogen atmosphere under the atmospheric pres-
sure and at a rate of 1C.°/min., followed by raising the
temperature up to 700° C. at a rate of 3C.°/min., raising
the temperature up to 1,100° C. at a rate of 15C.°/min.,
further raising the temperature up to 1,600° C. at a rate
of 10° C./min. and raising the pressure up to 9.5 atm.

The temperature and the pressure were retained
under this state for 2 hours, followed by natural cooling
to obtain a sintered body having a density of 2.91.

EXAMPLE 7

An alumina (AML-41, tradename of a product made
by Sumitomo Denko Co., Ltd.) (76.49% by weight) and
magnesia (5.0% by weight) were melt-kneaded with a
mixture of a polysilazane (11) (18.29% by weight) and a
paraffin wax (0.4% by weight) by means of a kneader to
obtain a compound, followed by molding it according
to injecting molding process into a columner body of 5
mm X35 mm X350 mm, raising the temperature up to
700° C. at a rate of 3C.”/min., further raising the tem-
perature up to 1,100° C. at a rate of 15C.°/min. and
calcining the resulting material 1in nitrogen gas under a
pressure of 9.5 Kg/cm? to obtain a molded body having
a flexural strength of 20.2 Kg/cm-.
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in Example 1, followed by calcining the body 1in a mixed
gas of N2/NH3 (50/50%), under the atmospheric pres-
sure at 1,200° C. at a rate of 1°C./min., taking out the
resulting calcined body, raising the temperature from
room temperature up to 1,200° C. and at a rate of 10°
C./min. under the atmospheric pressure in the presence
of nitrogen gas, further raising the temperature up 1o
1,700° C. under a pressure of 9.5 atm in the presence of
nitrogen gas, retaining the temperature and the pressure
each as indicated above for one hour and subjecting the
resulting material to natural cooling to obtain a sintered
body. This body exhibited a density (g/cc) of 3.72, a
crystalline phase of Al>O3. S13N4, a flexural strength at

room temperature of 252 MPa and a tlexural strength at
1,200° C. of 216 MPa.

What we claim 1s:

1. A novel ceramic composition obtained by sintering
and molding a molded body consisting of 80.1 to
97.3%, by weight, of alumina powder and 2.7 to 19.9%,
by weight, of a polysilazane which forms silicon ni-
tride, silicon carbide, sialon or a mixture thereof 1n an
atmosphere of nitrogen, argon and/or ammonia oOr
under pressure, at a temperature of 800° to 1,950° C.

2. A novel ceramic composition according to claim 1,
wherein said polysilizane 1s a polysilizane (1) having a
core structure consisting of repetitive units of the for-
mula

—Si—N—,
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and comprises a plurality of the residual groups of the
precursor of said polysilazane (1), having the formuia

: s
—Si—N—
.
H
some of the residual groups forming part of a first struc- 10
tural unit of the formula
I
R;—Si—N—
| 15
Rs—N—Si—R;
R3
and some of the residual groups forming a second struc- )
tural unit of the formula 2
|
Rj—Si—N—
| 25
—N—Si—R}

and these structural units being bonded to each other 1n
sald polysilazane (1).
wherein R, Ry, Ri and Rg, each represent a lower 30

alkvl group of 1 to 6 carbon atoms, a substituted or
unsubstituted vinyl group, a substituted or unsub-
stituted allyl group. a substituted or unsubstituted
lower aryl] group of 6 to 10 carbon atoms, a tri-
lower alkyl- or di-lower alkylsilyl group, Ri, Ro,
and Rz each represent a hydrogen atom or a di-
lower alkylamino group. and R;, R2, R3 and Ry
may be the same or different.

3. A novel ceramic composiiton according to claim 1,
wherein said polysilizane is a polysilazane (1) having a
core structure consisting of repetitive units of the for-
mula

35

40

45

—S1— N

and comprises a plurality of the residual groups of the S0
precursor of said polysilazane (i11) having the formula

flii
_?i_rl\;._‘ 55
H H

some of the residual groups of the precursor of said
polysilazane (ii) consisting of the repetitive units of
the formula

| 65

being bonded by a structural unit of the formula

12
RI—E;;i—Tl\;—
- N—8S1—R,

to each other, and
said precursor being composed of the units of the
formula

and the formula

Rs

—Si—II\I—,
R¢ H

wherein said R, Rsand Rg each represent a lower
alkyl group of 1 to 6 carbon atoms, a substituted or
unsubstituted viny! group, a substituted or unsub-
stituted allyl group, a substituted or unsubstituted
lower aryl group of 6 to 10 carbon atoms, a tri-
lower alkyl- or di-lower alkylsilyl group or a di-
lower alkylamino group, R also represents hydro-
gen atom besides the above-mentioned groups, and
Ri, Rs and R¢ may be the same or different.

4. A novel ceramic composition according to claim 1,
wherein said polysilizane 1n a polysilazane (11) said
polysilazane (ii1) having a core structure consisting of
repetitive units of the formula

—Si—N—
|

and comprises a plurality of the residual groups of the
precursor of said polysilazane (i11) having the formula of
repetitive units of the formula

and some of the residual groups forming part of a
first structural unit of the formula

I
Rl—Sli-—Il\E—
R4—N—?i—'R2

Rj

and some of the residual groups forming a second
structural unit of the formula

|
Rl—Sli—lri—
—N—Si—R;

these structural units being bonded to each other in
said polysilazane (111). and further,
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said precursor being partly composed of units of the
formula
| \
RI-—-Slzi—rlxs-— and the formula —§j=~N—
|
H H R¢ H

wherein R), R3, R3, and Ry, each represent a lower
alkyl group of 1 to 6 carbon atoms, a substituted or
unsubstituted vinyl group, a substituted or unsub-
stituted allyl group, a substituted or unsubstituted
lower aryl group of 6 to 10 carbon atoms, a tri-
lower alkyl- or di-lower aikylsilyl group, Ry, Ry,
and R3 each represent a hydrogen atom or a di-
lower alkvlamino group and R, R, R3and R4 may
be the same or different; and

Rs and Rg each represent a lower alkyl group 1 to 6
carbon atoms, a substituted or unsubstituted vinyl
group, a substituted or unsubstituted allyl group, a
substituted or unsubstituted lower aryl group of 6
to 10 carbon atoms, a tri-lower alkyl or di-lower
alkylsilyl group or a di-lower alkylamino group,
and R, R2. R3, and Ry, each represent a lower
alkyl group of 1 to 6 carbon atoms, a substituted or
unsubstituted vinyl group, a substituted or unsub-
stituted allyl group, a substituted or unsubstituted
lower ary] group of 6 to 10 carbon atoms, a tri-
lower alkyl- or di-lower alkylsilyl group, R, Ry,
and Rj3 each represent a hydrogen atom or a di-
lower alkylamino group and Ry, R, Riand Ry may
be the same or different; and

Rsand R¢ each represent a lower alkyl group of 1 to
6 carbon atoms, a substituted or unsubstituted viny!
group, a substituted or unsubstituted allyl group, a
substituted or unsubstituted lower aryl group of 6
to 10 carbon atoms, a tri-lower alkvl or di-lower
alkylsilyl group or a di-lower alkylamino group,
and Ry, Rs and R¢ may be the same or different

5. A process for producing a ceramic composition,

which comprises calcining a molded body composed of

a major amount of alumina powder and a polysiiazane
(1) in an atmosphere of an inert gas of argon or nitrogen
and/or ammonia or at an elevated pressure at a temper-
ature of 800° to 1,950° C. |
said polysilazane (1) having a core structure consist-
ing of repetitive units of the formula

—Si—N—,
|

and comprises a plurality of the residual groups of
the precursor of said polysilazane (1), having the

formula

Til]

— Si—N=—,
| ]
H H

and some of the residual groups forming part of a

first structural unit of the formula

hn

10

15

25

30

35

45

50

55

60

65

14
|
R}‘—Sli—*]‘l'i’—
R4"‘N—“S|:i""R3
Rz

St

some of the residual groups forming a second struc-
tural unit of the formula

R]"'-Sli—l"li"'"
— N=S51—K|

and these structural units being bonded to each other
in said polysilazane (1),

wherein R, Ry, and R3 and R4, each represent a
lower alkyl group of 1 to 6 carbon atoms, a substi-
tuted or unsubstituted vinyl group, a substituted or
unsubstituted allyl group, a substituted or unsubsti-
tuted lower aryl group of 6 to 10 carbon atoms, a
tri-lower alkyl- or di-lower alkylsilyl group, Rj,
R»>, and R3 each represent a hydrogen atom or a
di-lower alkylamino group, and R, Rj, R3and R4
may be the same or different.

6. A process according to claim §, wherein said lower
alkvl group is selected from among methyl group, ethyl
group, n-propyl group and isopropyl group; said substi-
tuted or unsubstituted lower aryl group 1s selected from
among phenyl group, toly! group and xylyl groups; said
tri- lower alkyl- or di- lower alkyisilyl group 1s selected
from among trimethyl- , dimethyl-, methylethyl-and
triethyl- sily groups; and said di- lower alkylamino
group 1Is selected from among dimethyl-, diethyl-, me-
thviethyl- and dusopropyl- amino groups.

7. A process for producing a ceramic composition
according to claim § wherein the concentration of alu-
mina 1s 80.1-97.39 , by weight, and the concentration
of said polysilazane 1s 2.7-19.9%, by weight.

8. A process for producing a ceramic composition,
which comprises calcining a molded body composed of
a major amount of alumina powder and a polysilazane
(i1) in an atmosphere of an inert gas of argon or nitrogen
and/or ammonia or at an elevated pressure at a temper-
ature of 800° to 1,950° C,;

said polysilazane (i1) having a core structure consist-

ing of repetitive units of the formula

—Si—N—
.

and includes a plurality of the residual groups of the
precursor of said polystlazane (11) consisting of the
repetitive units of the formula

Ry H
|
— SN

being bonded by a structural unit of the formula
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R
Rj=Si—N— ""Si"‘TI"""~
I
—N—Si—R; 5 H H

some of the residual groups forming part of a first

structural unit of the formula
to each other, and

said precursor being composed of the units of the 10

formula | |
Rz"‘"‘SIi""TIN'—
Rsg—N~—=Si—R>»
Ri""Sll"Tl**’— | |
H H 15 R3
and some of the residual groups forming part of a first
and the formula . eroup EP
structural unit of the formula
‘;‘5 20
o |
—SII—TI‘*—- Rg—Si—T—
R¢ H |

R4s—N—Si—R>
|

wherein said R, Rsand Rg each represent a lower 55 *3
alkyl group of 1 to 6 carbon atoms, a substituted or
unsubstituted vinyl group, a substituted or unsub-
stituted allyl group. a substituted or unsubstituted
lower aryl group of 6 to 10 carbon atoms, a tri-
lower alkyl- or di-lower alkylsilyl group of a di- 30 |
lower alkvlamino group, R also represents a hy- RI—?I_T—
drogen atom besides the above-mentioned groups, N—=S8—R,
and R, Rs<and R¢ mav be the same or different.

9. A process according to claim 8. wherein said lower 35

and some of the residual groups forming a second
structural unit of the formula

3“\}’1 group iS selected from among me‘[hy] group, eth}] thES? StTUCtL?IEl] units:_!:)eing bOndEd to each other in
group. n-propyl group and 1sopropyl group: said substi- said polysilazane (1), and turther, |
tuted or unsubstituted lower ary] group is selected from Sali%f;iﬁzrsor being partly composed of units of the

among phenyl group, tolyl group and xylyl groups: said
tri- lower alkyl- or di- lower alkylsilyl group is selected
from among trimethyl, dimethyl-, methylethyl-and |
triethyl- silyl groups; and said di- lower alkylamino Ry—=31—X—
group 1s selected from among dimethyl-, methylethyl- H H
and dnsopropyl-amino groups. 45
10. A process for producing a ceramic composition and the formula
according to claim 8 wherein the concentration of alu-
mina 15 80.1-97.3%, by weight, and the concentration of IFS
sald polysilazane 1s 2.7-19.9%, by weight. 50 —Si—N—
11. A process for producing a ceramic composition, Ilt.g, II-I
which comprises calcining a molded body composed of

a major amount of alumina powder and a polysilazane wherein Ry, R3, Ri,and R, each represent a lower

(1) in an atmosphere of an inert gas of argon or nitro- alkyl group of 1 to 7 carbon atoms, a substituted or
gen and/or ammonia or at an elevated pressure at a 55 unsubstituted vinyl group, a substituted or unsub-
temperature of 800° to 1,950° C.; stituted allyl group, a substituted or unsubstituted
said polysilazane (iii) having a core structure consist- lower aryl group of 6 to 10 carbon atoms, a tri-
ing of rt—::petitive units of the formula lower alky]- or di-lower alky]sﬂy] group, Ri, Rz,
and Rj each represent a hydrogen atom or a di-
60 lower alkylamino group and Ry, R, R3and Rymay

| be the same or different and
e G N Rs5and Rg each represent a lower alkyl group of 1 to

| 6 carbon atoms, a substituted or unsubstituted vinyl
group, a substituted or unsubstituted allyl group, a

| _ _ 65 substituted or unsubstituted lower aryl group of 6
and comprises a plurality of the residual groups of the to 10 carbon atoms, a tri-lower alkvl or di-lower

precursor of said polysilazane (iii) having the formula alkylsilyl group or di-lower alkylamino group, and
Rs and Rg7 may be the same or different
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12. A process according to claim 11, wherein said
lower alkyl group is selected from among a methyl
group. ethyl group, n-propyl group and isopropyl
group:; said substituted or unsubstituted lower aryl
group 1s selected from among phenyl group, tolyl group
and xylyl groups; said tri- lower alkyl- or di- lower
alkylsilyl group is selected from among trimethyl-, di-
methyl-, methvlethyl-and triethyl- silyl group: and said
di- lower alkylamino group i1s selected from among
dimethvl-, methylethyl- and diisopropyl- amino groups.

13. A process for producing a ceramic composition

according to claim 11 wherein the concentration of

alumina 1s 80.1-97.3%, by weight, and the concentra-
tion of said polysilazane 1s 2.7-19.9%, by weight.

14. A molding auxiliary for a novel ceramic composi-
tion comprising a polysilazane (i) which forms stlicon
nitride, silicon carbide, sialon or a mixture of the forego-
ing in an atmosphere of nitrogen and/or ammomia or
under pressure and in a calcination atmosphere and 800°
to 1,950° ,

said polysilazane (i) having a core structure consist-

ing of repetitive units of the formula -Si-N-, and
comprises a plurality of the residual groups of the

precursor of said polysilazane (i), having the for-
mula

—Si—N—

.

and some of the residual groups forming part of a
first structural unit of the formula

R

|
—Si—N=—

t

H H

18

lower alkylamino group. and R;. Ra, Ri and Rs
may be the same or different.

15. A molding auxiliary for a novel ceramic composi-

tion comprising a polysilazane (ii) which forms silicon

> nitride, silicon carbide, sialon or a mixture of the forgo-

10

15

20

25

30

33

and some of the residual groups forming part of a 40

first structural unit of the formula

R]—Elii—lt\i*—
RJ,—N“*SIi—RZ
R3

and some of the residual groups forming a second
structural unit of the formula

R1—'Sfi""1r’—
—~N-—-8i—R|

and these structura! units being bonded to each other
in said polysilazane (1),

and these structural units being bonded to each other
in said polysilazane (1),

wherein R;,R3, R3 and R4, each represent a lower
alkyl group of 1 to 6 carbon atoms, a substituted or
unsubstituted vinyl group, a substituted or unsub-
stituted allyl group, a substituted or unsubstituted
lower aryl group of 6 to 10 carbon atoms, a tri-
lower alkvil- or di-lower alkylsilyl group, Ry, Ro.
and R1 each represent a hydrogen atom or a di-

45

50

55

60

635

ing in an atmosphere of nitrogen and/or ammonia oOr
under pressure and ian a calcination atmosphere at 800°
to 1,950° C.,
said polysilazane (ii) having a core structure consist-
ing of repetitive units of the formula

.

the residual groups of the precursor of said polysila-
zane (ii) consisting of the repetitive units of the
formula

being bonded by a structural unit of the formula

|
R]"‘Sli"""f—
—N—Si“"'Rl

to each other, and

said precursor being composed of the unmts of the
formula

and the formula

‘riis
R¢ H

wherein said R, Rs and R¢ each represent a lower
alkyl group of 1 to 6 carbon atoms, a substituted or
unsubstituted vinyl group, a substituted or unsub-
stituted allyl group, a substituted or unsubstituted
lower ary!l group of 6 to 10 carbon atoms, a tri-
lower alkvl- or di-lower alkylsilyl group or a di-
lower alkylamino group, R also represents hydro-
gen atom besides the above-mentioned groups, and
R, Rsand R¢ may be the same or different.

16. A molding auxihary for a novel ceramic composi-
tion comprising a polysilazane (iit) which forms silicon
nitride, silicon carbide, sialon or a mixture of the forego-
ing in an atmosphere of nitrogen and/or ammonia or
under pressure and in a calcination atmosphere at 800°
to 1,950° C.,

said polysilazane (1i1) having a core structure consist-

ing of repetitive units of the formula
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these structural units being bonded to each other 1n
sald polysilazane (i11), and further,

T‘ said precursor being partly composed of units of the
—Si—N=—, formula
|| 5
H H
| 0
some of the residual groups forming part of a first R;j—Si—N— and the formula —Si—N—
structural unit of the formula 1!.1 1[{ l!ie }I{
10 |
wherein Rj, Ry, R3, and R4, each represent a lower
I alkyl group of 1 to 6 carbon atoms, a substituted or
R;—-S".i—-rls:— unsubstituted vinyl group, a substituted or unsub-
Rs—N—Si—R> stituted allyl group, a substituted or unsubstituted
IL I3 lower aryl group of 6 to 10 carbon atoms, a tri-
} lower alkyl- or di-lower alkylsilyl group, Ri, Ry,
and R3 ,e ach represent a hydrogen atom or a di-
some Of the residual groups forming a second struc- lower alkylamino group, and Rj, Ry, R3 and R4
tural umt of the formula may be the same or different; and

20 Rsand Rgeach represent a lower alkyl group of 1 to

6 carbon atoms, a substituted or unsubstituted vinyl

| group, a substituted or unsubstituted allyl group, a
Ry—Si—N— substituted or unsubstituted lower aryl group of 6
) to 10 carbon atoms, a tri-lower alkyl or di-lower
—NTSTR 25 alkylsilyl group or a di-lower alkylamino group,

and Rs and Rg may be the same or different.
- * % Xx ¥k
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